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Complement factor H and interleukin gene polymorphisms in 
patients with non-infectious intermediate and posterior uveitis 
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Objective: To investigate the associations of complement factor H (CFH), KIAA1109, and interleukin-27 (IL-27) gene 
polymorphisms in patients with non-infectious intermediate and posterior uveitis. 

Methods: The study cohort consisted of a total of 95 Chinese non-infectious uveitis patients, including 38 patients with 
intermediate uveitis (IU), 38 patients with Vogt-Koyanagi-Harada disease (VKH), and 19 patients with Behcet's disease 
and 308 healthy controls. The genotypes of CT?/-rs800292, KIAA1109-rs45G59>49,, and 7Z27-rs4788084 were determined 
using TaqMan single nucleotide polymorphism genotyping assays. 

Results: The frequency of carriers of G allele for Ci 7 /7-rs800292 was significantly higher in patients with non- infectious 
intermediate and posterior uveitis than in controls (GG/AG versus AA; p=0.02). No significant association was found 
between uveitis and both KIAA1 709-rs4505848 and _tt27-rs4788084. In stratified analysis by gender, the frequency of 
carriers with G allele for KIAA1 709-rs4505848 was significantly higher in male uveitis patients than in male controls 
(GG/AG versus AA; p=0.034). There was no significant difference in allelic and genotypic frequencies for Ci 7 //-rs800292 
andiZ27-rs4788084 in either male or female groups. In addition, higher frequency of-KX4 J 4././09-rs4505848 G allele was 
found in Behcet's disease patients compared with controls and IU patients (p=0.01 and p=0.003, respectively). 
Conclusions: Our results demonstrated that CT'//-rs800292 and-K7A47709-rs4505848 are associated with non- infectious 
intermediate and posterior uveitis. Moreover, gender susceptibility for uveitis might be involved in the KIAA1109 gene 
and the KIAA1 109-rs4505848 polymorphism might be associated with the development of Behcet's disease. 



Uveitis is a sight-threatening intraocular inflammatory 
disease and can be classified into anterior, intermediate, 
posterior, and panuveitis anatomically [1]. Intermediate 
uveitis (IU) and posterior uveitis are characterized by 
inflammation of the ciliary body, vitreous, retina, or choroid. 
They can occur in isolation or associated with other systemic 
immunological diseases. Some cases of IU and posterior 
uveitis might be secondary to ocular or systemic infections 
such as tuberculosis and toxoplasmosis. IU and posterior 
uveitis can also develop in specific ocular or systemic 
conditions including Vogt-Koyanagi-Harada disease (VKH), 
Behcet's disease, sympathetic ophthalmia, sarcoidosis, and 
birdshot chorioretinopathy [2,3]. 

Although the exact cause of many forms of non- 
infectious uveitis is unclear, the pathogenesis might be related 
to genetic predisposition coupled with environmental factors 
[4]. Many uveitis-associated genes have now been identified, 
of which several are immune-related genes including genes 
for expression of interleukins and chemokines. This further 
strengthens the concept that endogenous immune mechanisms 
play important roles in the development of uveitis [5-8]. 
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The complement system is part of the innate immune 
defense mechanism and is involved in modulating various 
immune and inflammatory responses. Recent studies have 
demonstrated that complement system activation is critical for 
the development of autoimmune uveoretinitis and suppression 
of the host's complement system could completely inhibit 
experimental autoimmune anterior uveitis (EAAU) [9,10]. 
Under normal conditions, the complement system is active at 
a low level and is tightly regulated by various complement 
regulatory proteins (CRegs), such as complement factor H 
(CFH), decay-accelerating factor, and S-protein [11]. 
Disruption in the balance of complement activation and 
CRegs will result in harmful effects and lead to several 
immune-related diseases including uveitis [12,13]. CFH is 
one of the most important regulators in the alternative 
complement pathway and is involved in the pathogenesis of 
immunological diseases [14-16]. Recent studies suggested 
that variants in the CFH gene are associated with several 
immune-mediated diseases [17-19]. In addition, our previous 
study also demonstrated that C/ 7 //-rs800292 184G as a 
genetic risk marker for anterior uveitis in Chinese females 
[20]. 

Interleukins are potent inflammatory mediators and also 
known to be involved in the pathogenesis of uveitis. The levels 
of interleukin 2 (IL-2), interleukin 21 (IL-21), and their 
receptors were found to be upregulated in both experimental 
autoimmune uveitis (EAU) animals and in uveitis patients 
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Table 1. Demographic details of subjects with non-infectious intermediate or posterior uveitis. 



Gender 



Age (years) 



Uveitis type 


No. of subjects 


Male (%) 


Female (%) 


Mean 


Range 


Intermediate uveitis 


38 


13 (34.2) 


25 (65.8) 


39.0 


18-72 


(IU) 












Vogt-Koyanagi- 


38 


17 (44.7) 


21 (55.3) 


50.0 


23-78 


Harada (VKH) disease 












Behcet's disease (BD) 


19 


15 (78.9) 


4(21.1) 


41.1 


18-59 


Total 


95 


46 (48.4) 


50 (52.6) 


43.8 


18-78 



Table 2. Comparison of genotype and allele frequencies of rs800292, rs4505848, and rs4788084 polymorphisms in patients with 

uveitis and control subjects. 



Polymorphism 
rs800292 (CFH 184G/A) 
Genotype 



Uveitis (n=95) Controls (n=308) 



p-value 





AA 


6 (6.3) 


48(15.6) 


0.068§ 




AG 


49 (51.6) 


145 (47.1) 


0.40| 




GG 


40 (42.1) 


115 (37.3) 


0.02} 


Allele 












A 


61 (32.1) 


241 (39.1) 


0.081 




G 


129 (67.9) 


375 (60.9) 




rs4505848 (KIAA1109 A/G) 








Genotype 












GG 


17(17.9) 


50(16.2) 


0.49§ 




AG 


53 (55.8) 


157(51.0) 


0.23| 




AA 


25 (26.3) 


101 (32.8) 


0.70} 


Allele 












G 


87 (45.8) 


257 (41.7) 


0.32 




A 


103 (54.2) 


359 (58.3) 




rs4788084 (IL27 C/T) 








Genotype 












TT 


8 (8.4) 


21 (6.8) 


0.80§ 




CT 


36 (37.9) 


126 (40.9) 


0.81f 




CC 


51 (53.7) 


161 (52.3) 


0.60}* 


Allele 












T 


52 (27.4) 


168 (27.3) 


0.98 




C 


138(72.6) 


448 (72.7) 





Odds Ratio (95% CI) 

2.74(1.13-6.62) 
1.36 (0.96-1.92) 



Data are the number of subjects (% of the total group). § ■£ test for 2x3. * Fisher exact test, f p-value for dominant model. 
% p-value for recessive model. 



[21-24]. Recent studies have shown that retinal cells could 
suppress uveitis through interferon-gamma-mediated 
production of IL-27 in target tissues, while IL-27 expression 
was also upregulated during uveitis [25-27]. Several single 
nucleotide polymorphisms (SNPs) in the interleukin genes 
such as IL1JL10, and IL23R have been found to be associated 
with different types of uveitis [28-30]. Recently, genome- 
wide association studies (G WAS) have also identified several 
candidate SNPs associated with immune-mediated diseases 
such as type 1 diabetes mellitus, rheumatoid arthritis, celiac 
disease, and Graves' disease [31-33]. Some of these genetic 
loci could be replicated reciprocally in different diseases, 
suggesting that they could be general genetic risk factors for 
multiple autoimmune diseases [34-36]. 



Taking together, we hypothesize that C7 7 //-rs800292, 
7L-27-rs4788084, and rs4505848 within the KIAA 1 1 09 /Testis 
nuclear RNA-binding protein (Tenr)/IL2/IL2 1 gene cluster 
might be involved in the pathogenesis of IU and posterior 
uveitis. The purpose of our study is to determine the 
association of these immune-associated SNPs in patients with 
non-infectious intermediate and posterior uveitis. 

METHODS 

Study design and subjects: The study protocol was approved 
by an institutional review board and all procedures were 
conducted according to the tenets of the Declaration of 
Helsinki. Informed consent was obtained from all study 
subjects after the nature of the study was explained. 
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Table 3. Comparison of genotype and allele frequencies of rs800292, rs4505848, and rs4788084 polymorphisms in subgroups of 

noninfectious uveitis and control subjects. 



Polymorphism 


BD (n=19) 


1U (n=38) 


VKH (n=38) 


Controls (n=308) 


„BD-C 
r 


„IU-C 


„VKH-C 
r 


rs800292 (CFH 184G/A) 
















Genotype 
















AA 


0 (0) 


3 (7 9) 


3 (7 9) 


48 (15.6) 


NS 


NS 


NS 


AG 


12(63.2) 


19 (50.0) 


18 (47.4) 


145 (47.1) 








GG 


7 (36.8) 


16 (42.1) 


17(44.7) 


115 (37.3) 








Allele 
















A 


12(31.6) 


25 (32.9) 


24 (31.6) 


241 (39.1) 


NS 


NS 


NS 


G 


26 (68.4) 


51 (67.1) 


52 (68.4) 


375 (60.9) 








rs4505848 (K1AA1109 A/G) 
















Genotype 
















GG 


7 (36.8) 


3 (7 9) 


7 (18 4) 


50 (16.2) 


0.028§ 


NS 


NS 


AG 


10 (52.6) 


20 (52.6) 


23 (60.5) 


157(51.0) 


0.043t 






AA 


2(10.5) 


15 (39.5) 


8(21.1) 


101 (32.8) 


0.031}* 






Allele 
















G 


24 (63.2) 


26 (34.2) 


37 (48.6) 


257(41.7) 


0.01 


NS 


NS 


A 


14 (36.8) 


50 (65.8) 


39(51.4) 


359(58.3) 








rs4788084 (1L27 C/T) 
















Genotype 
















TT 


1 (5.3) 


4(10.5) 


3 (7.9) 


21 (6.8) 


NS 


NS 


NS 


CT 


9 (47.4) 


14 (36.8) 


13 (34.2) 


126(40.9) 








CC 


9 (47.4) 


20 (52.6) 


22 (57.9) 


161 (52.3) 








Allele 
















T 


11 (28.9) 


22 (28.9) 


19(25.0) 


168 (27.3) 


NS 


NS 


NS 


C 


27 (61.1) 


54 (71.1) 


57 (75.0) 


448 (72.7) 









Data are the number of subjects (% of the total group). § yj test for 2x3. * Fisher exact test, f p- value for dominant model, 
t p- value for recessive model. NS Not Significant. 



Patients were recruited in the Hong Kong Eye Hospital 
and all patients underwent detailed ophthalmic assessment 
including visual acuity testing, intraocular pressure 
measurement, slit-lamp and dilated fundus examinations. 
Clinical details were also collected including age, sex, 
medical history such as systemic illness including 
rheumatological diseases, diabetes mellitus, hypertension, 
and heart disease; age at initial presentation and laterality. The 
definition of non-infectious intermediate and posterior uveitis 
was based on the International Uveitis Study Group (IUSG) 
clinical classification [3]. Patients were categorized into three 
specific diagnostic groups including IU, VKH, and Behcet's 
disease. All IU patients had IU in isolation without posterior 
uveitis or panuveitis, while VKH and Behcet's disease 
patients had either panuveitis or posterior uveitis. Screening 
for sarcoidosis was performed in all patients. Screening for 
multiple sclerosis in IU patients was only performed when 
clinically indicated due to the low incidence of multiple 
sclerosis in our locality. Patients with uveitis secondary to 
ocular or systemic infections were excluded from the study. 
Three hundred and eight subjects aged 50 years or older with 
no evidence of eye disease except senile cataract were 
recruited as controls. 

DNA extraction and genotyping: Venous blood was obtained 
from each subject and genomic DNA was extracted with a 



DNA extraction kit (QIAamp; Qiagen, Hilden, Germany) 
according to the manufacturer's instructions. C7 7 //-rs800292, 
7<L4^7709-rs45O5848, and 7L27-rs4788084 SNPs were 
genotyped by TaqMan allelic discrimination assay (TaqMan; 
Applied Biosystems [ABI], Foster City, CA) according to the 
manufacturer's instructions. All PCR amplifications were 
performed with the following thermal cycling conditions: 
95 °C for 10 min followed by 40 cycles of 92 °C for 15 s, and 
62 °C for 1.5 min (rs4505848 and rs4788084); and 60 °C for 
1 min (rs800292), respectively. All PCR reactions were 
performed with Taq polymerase (HotStarTaq Plus; Qiagen) 
in an automated thermal cycler (model 9700; ABI). Pre- and 
post-PCR plate readings were performed on a sequence 
detection system (Prism 7000; ABI), and the allele types were 
confirmed by the system software (Prism 7000 SDS software 
version 1.1; ABI). 

Statistical analysis: Hardy-Weinberg equilibrium (HWE) 
was tested by x 2 test for genotype frequencies of the SNPs in 
control group. Allelic and genotypic frequencies between 
cases and controls were compared by x 2 test or Fisher exact 
test. Dominant and recessive models in term of minor allele 
were applied to look for associations. Stratified analyses based 
on gender and specific forms of uveitis were also performed. 
One-way ANOVA (ANOVA) was used to compare the age 
of patients in different subgroups. Odds ratios (OR) and 95% 



1867 



Molecular Vision 2012; 18:1865-1873 <http://www.molvis.org/molvis/vl8/al93> 



©2012 Molecular Vision 



Table 4. Comparison of genotype and allele frequencies of rs4505848 in specific uveitis subcroups. 



BD versus IU BD versus VKH IU versus VKH 



Polymorphism BD (n=19) IU (n=38) VKH p OR (95% CI) p OR (95% CI) p OR (95% CI) 

(n=38) 

rs4505848 (KIAA1109 A/G) 
Genotype 

GG 7 (36.8) 3 (7.9) 7 (18.4) 0.008§ NS - NS - 

AG 10 (52.6) 20 (52.6) 23 (60.5) 0.024f 5.54(1.12- 

27.54) 

AA 2(10.5) 15(39.5) 8(21.1) 0.01 1 J* 6.81(1.51- 

30.59) 



Allele 



G 24 (63.2) 26 (34.2) 37 (48.6) 0.003 3.30(1.46- NS - NS 

7.42) 



A 14 (36.8) 50 (65.8) 39 (51.4) 

i are the number of subjects (% of the total grc 
t p-value for recessive model. NS Not Significant. 



Data are the number of subjects (% of the total group). § % 2 test for 2x3. * Fisher exact test, f p-value for dominant model. 



confidence intervals (CI) were calculated. A p-value of <0.05 
was considered statistically significant. 

RESULTS 

Patient demographics: Ninety-five patients with non- 
infectious intermediate and posterior uveitis were recruited, 
including 38 (40.0%) patients with IU; 38 (40.0%) patients 
with VKH and 19 (20.0%) patients with Behcet's disease 
(Table 1). Eighty-seven (91.6%) patients had bilateral uveitis, 
and 8 (8.4%) had unilateral involvement. There were 45 
(47.4%) males and 50 (52.6%) females. All patients with 
Behcet's disease had a history of oral aphthous ulcer. Five of 
the patients with Behcet's disease had panuveitis and the 
remaining 14 had posterior uveitis including retinal vasculitis 
and retinitis. One patient with IU was found to have 
sarcoidosis. A significantly higher proportion of males was 
found in the Behcet's disease group, with 78.9% compared 
with 34.2% and 44.7% in the IU and VKH groups, 
respectively (x 2 test, p=0.006). The mean±standard deviation 
(SD) age at presentation was 39.0±6.7 years for IU patients, 
50.0±8.4 years for VKH patients, and 41.1±9.8 for Behcet's 
disease patients. The mean age at presentation of VKH 
patients was significantly older than patients with IU and 
Behcet' s disease (one-way ANO VA Fisher LSD, p=0.00 1 and 
p=0.024). 

Associations between SNPs and non-infectious intermediate 
and posterior uveitis: The genotype frequencies of all three 
SNPs in control subjects conformed to the Hardy-Weinberg 
equilibrium. The frequency of carriers of G allele for CFH- 
rs800292 was significantly higher in uveitis patients than in 
controls (GG/AG versus AA; p=0.02, OR=2.74). No 
significant difference in the genotypic and allelic frequencies 
was observed for A7X47709-rs4505848 and 7L27-rs4788084 
(Table 2). 



Associations between SNPs and uveitis stratified by subtype 
of uveitis: In subgroup analysis based on uveitis subtype, the 
frequencies of XZ/L4/i09-rs45O5848 G allele and GG 
homozygosity were significantly higher in Behcet's disease 
patients than in control subjects (p=0.01 and p=0.031, 
respectively; Table 3). Significantly higher frequencies of 
/OL4770i>-rs45O5848 G allele and GG homozygosity were 
also detected in patients with Behcet's disease compared with 
IU (p=0.003 and p=0.011, respectively; Table 4). Similar 
differences however were not observed between Behcet's 
disease versus VKH and IU versus VKH. For the other two 
SNPs (CF/7-rs800292 and 7L27-rs4788084), there was no 
significant difference in allelic and genotypic frequencies 
among different subgroups or compared with controls. 

Associations between SNPs and non-infectious intermediate 
and posterior uveitis stratified by gender: In stratified analysis 
based on gender, the frequency of carriers of G allele for 
7<7A47709-rs4505848 was significantly higher in male uveitis 
patients than in male controls (GG/AG versus AA; p=0.034, 
OR=2.56). Similar association was not detected in females. 
There was no significant difference in allelic and genotypic 
frequencies for both CF77-rs800292 and 7L27-rs4788084 in 
either male or female patients compared with respective 
control subjects (Table 5 and Table 6). Similar stratified 
analysis based on gender was not performed in disease 
subgroups due to the small sample size. 

DISCUSSION 

In this study, we investigated the association of three immune- 
related SNPs in the CFH, KIAA1109, and IL27 genes with 
non-infectious intermediate and posterior uveitis. Our results 
demonstrated that CF77-rs800292 and 7OL47709-rs4505848 
were significantly associated with IU and posterior uveitis, 
and in particular Behcet's disease. Moreover, different 
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Table 5. Comparison of genotype and allele frequencies of rs800292, rs4505848, and rs4788084 polymorphisms in male uveitis 

patients and male control subjects. 



Polymorphism Male uveitis patients (n=45) Male controls (n=125) p-value Odds Ratio (95% CI) 

rs800292 (CFH 184G/A) 
Genotype 

AA 3(6.7) 17(13.6) 0.23§ 

AG 20 (44.4) 63 (50.4) 0.1 3f 

GG 22(48.9) 45 (36.0) 0.29}.* 



Allele 



A 26(28.9) 97 (38.8) 0.093 1.56 (0.93-2.63) 

G 64 (71.1) 153 (61.2) 



rs4505848 (KIAA1109A/G) 
Genotype 

GG 10(22.2) 23 (18.4) 0.115 



Allele 



AG 28 (62.2) 62(49.6) 0.034f 2.56 (1.05-6.22) 

AA 7(15.5) 40 (32.0) 0.58J 

G 48 (53.3) 108 (43.2) 0.098 1.50 (0.93-2.44) 

A 42 (46.7) 142 (56.8) 



rs4788084 (IL27 C/T) 
Genotype 

TT 1 (2.2) 9 (7.2) 0.37§ 

CT 21 (46.7) 48 (38.4) 0.70f 

CC 23 (51.1) 68(54.4) 0.30}* 



Allele 



T 23 (25.6) 66(26.4) 0.88 

C 67(74.4) 184(73.6) 



Data are the number of subjects (% of the total group). § ■£ test for 2x3. * Fisher exact test, f p-value for dominant model, 
t p- value for recessive model. 



gender-susceptibility to the genetic association was also 
identified. 

The CFH gene is located in the long arm of chromosome 
1 (lq32), which is a major soluble inhibitor of the alternative 
complement cascade [13]. Activated complement due to loss 
of CRegs regulation by CFH might cause self-tissue damage 
in sensitive organs like the eyes [11]. In vivo studies have 
revealed that human RPE cells can synthesize and express 
CFH, and upregulated secretion of CFH by RPE can suppress 
the development of EAU [12,37,38]. In our previous studies, 
we have found that polymorphisms in the CFH gene are 
associated with the development of neovascular age-related 
macular degeneration (AMD) as well as anterior uveitis in 
females [20,39]. In addition, CFH has also been found to be 
associated with other immune -mediated diseases such as 
multifocal choroiditis, hemolytic -uremic syndrome (HUS) 
and glomerulonephritis [17,19]. In this study, CFH- 
rs800292 was found to be associated with non-infectious 
intermediate and posterior uveitis, which showed a recessive 
effect (GG/AG versus AA; p=0.02, OR=2.74). This finding is 
consistent with our previous study on AU and CFH- 
rs800292 [20]. Although the previously shown gender- 
susceptibility in female AU patients was not found, there was 



a trend toward higher 184G allele frequency for CFH- 
rs800292 in female patients with intermediate and posterior 
uveitis compared with female controls (p=0.052). The 
discrepancy might be related to the small sample size or 
distinct pathogenesis other than AU and further studies to 
investigate the gender-susceptibility involvement in IU and 
posterior uveitis are required. Nonetheless, these findings 
strengthen the concept that complement system especially 
CFH is involved in the development of uveitis. The I62V 
variant (rs800292) is located in one of the regulatory domains 
and the amino acid substitution might lead to structural 
changes affecting the ability of C3b binding and thus reducing 
the activation of the alternative pathway C3-convertase 
(C3bBb) [40,41]. This subsequently leads to excessive 
activation of the complement system and might induce 
immunologic disorders. The exact mechanism is still unclear 
and further studies are required to investigate the functional 
interaction of CFH with uveitis. 

SNP rs4505848 is located in the region encompassing 
KIAA1109/Tenr/IL2/IL21 in chromosome 4q27. IL2 and 
IL21 genes are both functional candidates for autoimmune 
diseases as they may be involved in the regulation of T-cells 
responses. The levels of IL2, IL21, and their receptors were 
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Table 6. Comparison of genotype and allele frequencies of rs800292, rs4505848, and rs4788084 polymorphisms in female uveitis 

patients and female control subjects. 



Polymorphism Female uveitis patients Female controls (n=183) p-value Odds Ratio (95% CI) 

(n=50) 

rs800292 (CFH 184G/A) 
Genotype 

AA 3 (6.0) 31 (16.9) 0.095§ 

AG 29(58.0) 82(44.8) 0.77f 

GG 18 (36.0) 70(38.3) 0.052}: 3.20 (0.93-10.93) 

Allele 

A 35 (35.0) 144(39.3) 0.43 

G 65 (65.0) 222 (60.7) 
rs4505848 (KIAA1109 A/G) 
Genotype 

GG 7 (4.0) 27 (14.8) 0.94§ 

AG 25 (50.0) 95 (51.9) 0.72t 

AA 18 (36.0) 61 (33.3) 0.89} 



Allele 



G 39(39.0) 149 (40.7) 0.76 

A 61(61.0) 217(59.3) 



rs4788084 (IL27 C/T) 
Genotype 

TT 7(14.0) 12(6.6) 0.1 1§ 

CT 15 (30.0) 78 (42.6) 0.52t 

CC 28(56.0) 93 (50.8) 0.14}* 



Allele 



T 29(29.0) 102 (27.9) 0.82 

C 71 (71.0) 264(72.1) 



Data are the number of subjects (% of the total group). § ■£ test for 2x3. * Fisher exact test, f p-value for dominant model. 
$ p- value for recessive model. 



found to be significantly elevated in uveitis patients and 
animal uveitis models [21-23]. Both Thl and Thl7 effector 
cells have been shown to independently induce uveitis in 
animal models [42]. Functional studies have revealed that 
Thl 7 cells contribute to uveitis through expanded IL-2, while 
IL-21 was highly expressed and promoted the differentiation 
of Thl7 cells in both in vitro and in vivo studies [23,25]. In 
our present study, stratified analysis demonstrated that SNP 
rs4505848 was significantly associated with IU and posterior 
uveitis in male patients. Such association was not found in our 
previous AU study [20]. The gender specificity for 
rs4505848 might account for different pathway of T-cell 
response in posterior uveitis. It might also be related to the 
small number of subjects; the wide variety of uveitis 
syndromes; or the distinct complex regulatory mechanism for 
autoimmune diseases. These findings suggest that the region 
especially the IL-2 and IL-21 genes may have important roles 
in the development of non-infectious intermediate and 
posterior uveitis. These results are consistent with studies on 
IL2 and Behcet's disease [43] and support the concept that 
non-infectious posterior uveitis is predominantly mediated by 
T-cell response. Therefore, the use of anti-IL-2 therapy in 



various forms of uveitis might be a promising treatment option 
[44]. 

IL-27 is a cytokine within the IL6/IL12 family and 
consists of EBI3 and p28 subunits. Studies in EAU have 
demonstrated that IL-27 is constitutively expressed in retinal 
ganglion cells and photoreceptors. IL-27 can promote Thl but 
inhibit Thl 7 cells differentiation, which causes mutual 
antagonism between the two pathways [25]. In our study, no 
association was found between the IL-27 SNP and IU and 
posterior uveitis, even stratified by gender or disease 
subgroups. 

Our study contains several limitations. First, the 
relatively small sample size, particularly in the subgroup 
analyses, will reduce the statistical power of the study and 
therefore some modest associations could not be detected. 
Selection bias might also occur in our study but this is unlikely 
to be significant since the patients recruited in this study are 
likely to be representative of our clinic population. We have 
recruited around 30% of the 300 patients with non-infectious 
intermediate, posterior and panuveitis who have attended the 
uveitis clinic during the recruitment period. In addition, some 
of the P values would no longer be statistically significant after 
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adjusted for multiple testing. Finally, we have only evaluated 
three selected immune-related SNPs in this study and thus our 
findings will not reflect the disease risk of unexamined 
variants in these genes. This might result in us missing some 
genetic variants associated with intermediate and/or posterior 
uveitis and further evaluation of these genes by direct 
sequencing to uncover more variants will be beneficial to 
identify variants with relevant function in uveitis. 

In conclusion, we identified the associations of CFH- 
rs800292 and KIAA1 709-rs4505848 with non-infectious 
intermediate and posterior uveitis in Chinese patients. Some 
different gender-specific susceptibility might also be 
involved. Further studies replicating the candidate SNPs in 
other ethnic groups and to determining the biologic roles of 
these polymorphisms in uveitis are warranted. 

ACKNOWLEDGMENTS 

We express our greatest gratitude to all the participants in this 
study. 

REFERENCES 

1. Jabs DA, Nussenblatt RB, Rosenbaum JT. Standardization of 

uveitis nomenclature for reporting clinical data. Results of the 
First International Workshop. Am J Ophthalmol 2005; 
140:509-16. [PMID: 16196117] 

2. Boyd SR, Young S, Lightman S. Immunopathology of the 

noninfectious posterior and intermediate uveitides. Surv 
Ophthalmol 2001; 46:209-33. [PMID: 11738429] 

3. Deschenes J, Murray PI, Rao NA, Nussenblatt RB. International 

Uveitis Study Group (IUSG): clinical classification of uveitis. 
Ocul Immunol Inflamm 2008; 16:1-2. [PMID: 18379933] 

4. Martin TM, Rosenbaum JT. Genetics in uveitis. Int Ophthalmol 

Clin 2005; 45:15-30. [PMID: 15791155] 

5. Atan D, Fraser-Bell S, Plskova J, Kuffova L, Hogan A, Tufail 

A, Kilmartin DJ, Forrester JV, Bidwell J, Dick AD, Churchill 
AJ. Cytokine polymorphism in noninfectious uveitis. Invest 
Ophthalmol Vis Sci 2010; 51:4133-42. [PMID: 20335604] 

6. Caspi RR. Immune mechanisms in uveitis. Springer Semin 

Immunopathol 1999; 21:113-24. [PMID: 10457585] 

7. Lan C, Tam PO, Chiang SW, Chan CK, Luk FO, Lee GK, Ngai 

JW, Law JS, Lam DS, Pang CP, Lai TY. Manganese 
superoxide dismutase and chemokine genes polymorphisms 
in Chinese patients with anterior uveitis. Invest Ophthalmol 
Vis Sci 2009; 50:5596-600. [PMID: 19628738] 

8. Yeo TK, Ahad MA, Kuo NW, Spagnolo P, Menezo V, 

Lympany P, Lightman S. Chemokine gene polymorphisms in 
idiopathic anterior uveitis. Cytokine 2006; 35:29-35. [PMID: 
16950632] 

9. Jha P, Sohn JH, Xu Q, Nishihori H, Wang Y, Nishihori S, 

Manickam B, Kaplan HJ, Bora PS, Bora NS. The complement 
system plays a critical role in the development of 
experimental autoimmune anterior uveitis. Invest 
Ophthalmol Vis Sci 2006; 47:1030-8. [PMID: 16505038] 

10. Read RW, Szalai A J, Vogt SD, McGwin G, Barnum SR. 

Genetic deficiency of C3 as well as CNS-targeted expression 
of the complement inhibitor sCrry ameliorates experimental 
autoimmune uveoretinitis. Exp Eye Res 2006; 82:389-94. 
[PMID: 16143328] 



© 2012 Molecular Vision 

1 1 . Atkinson JP, Oglesby TJ, White D, Adams EA, Liszewski MK. 

Separation of self from non-self in the complement system: a 
role for membrane cofactor protein and decay accelerating 
factor. Clin Exp Immunol 1991; 86:27-30. [PMID: 1718640] 

12. Jha P, Sohn JH, Xu Q, Wang Y, Kaplan HJ, Bora PS, BoraNS. 

Suppression of complement regulatory proteins (CRPs) 
exacerbates experimental autoimmune anterior uveitis 
(EAAU). J Immunol 2006; 176:7221-31. [PMID: 16751365] 

13. Liszewski MK, Farries TC, Lublin DM, Rooney IA, Atkinson 

JP. Control of the complement system. Adv Immunol 1996; 
61:201-83. [PMID: 8834497] 

14. Bao L, Haas M, Quigg RJ. Complement factor H deficiency 

accelerates development of lupus nephritis. J Am Soc Nephrol 
2011; 22:285-95. [PMID: 21148254] 

1 5 . Fakhouri F, de Jorge EG, Brune F, Azam P, Cook HT, Pickering 

MC. Treatment with human complement factor H rapidly 
reverses renal complement deposition in factor H-deficient 
mice. Kidney Int 2010; 78:279-86. [PMID: 20445496] 

16. Skerka C, Zipfel PF. Complement factor H related proteins in 

immune diseases. Vaccine 2008; 26:19-14. [PMID: 
19388158] 

17. Caprioli J, Castelletti F, Bucchioni S, Bettinaglio P, Bresin E, 

Pianetti G, Gamba S, Brioschi S, Daina E, Remuzzi G, Noris 
M. Complement factor H mutations and gene polymorphisms 
in haemolytic uraemic syndrome: the C-257T, the A2089G 
and the G2881T polymorphisms are strongly associated with 
the disease. Hum Mol Genet 2003; 12:3385-95. [PMID: 
14583443] 

18. Dieguez-Gonzalez R, Akar S, Calaza M, Gonzalez-Alvaro I, 

Fernandez-Gutierrez B, Lamas JR, de la Serna AR, Caliz R, 
Blanco FJ, Pascual-Salcedo D, Velloso ML, Perez-Pampin E, 
Pablos JL, Navarro F, Narvaez J, Lopez-Longo FJ, Herrero- 
Beaumont G, Gomez-Reino JJ, Gonzalez A. Lack of 
association with rheumatoid arthritis of selected 
polymorphisms in 4 candidate genes: CFH, CD209, 
eotaxin-3, and MHC2TA. J Rheumatol 2009; 36:1590-5. 
[PMID: 19567623] 

19. Neary JJ, Conlon PJ, Croke D, Dorman A, Keogan M, Zhang 

FY, Vance JM, Pericak- Vance MA, Scott WK, Winn MP. 
Linkage of a gene causing familial membranoproliferative 
glomerulonephritis type III to chromosome 1. J Am Soc 
Nephrol 2002; 13:2052-7. [PMID: 12138136] 

20. Yang MM, Lai TY, Tam PO, Chiang SW, Chan CK, Luk FO, 

Ng TK, Pang CP. CFH 184G as a genetic risk marker for 
anterior uveitis in Chinese females. Mol Vis 2011; 
17:2655-64. [PMID: 22065918] 

21. Arocker-Mettinger E, Asenbauer T, Ulbrich S, Grabner G. 

Serum interleukin 2-receptor levels in uveitis. Curr Eye Res 
1990; 9:25-9. [PMID: 2384010] 

22. Lacomba MS, Martin CM, Chamond RR, Galera JM, Omar M, 

Estevez EC. Aqueous and serum interferon gamma, 
interleukin (IL) 2, IL-4, and IL-10 in patients with uveitis. 
Arch Ophthalmol 2000; 118:768-72. [PMID: 10865312] 

23. Liu L, Xu Y, Wang J, Li H. Upregulated IL-21 and IL-21 

receptor expression is involved in experimental autoimmune 
uveitis (EAU). Mol Vis 2009; 15:2938-44. [PMID: 
20057909] 

24. Yang PZ. Effects of interleukin-2 on experimental uveitis and 

pinealitis. Zhonghua Yan Ke Za Zhi 1993; 29:175-9. [PMID: 
8223049] 



1871 



Molecular Vision 2012; 18:1865-1873 <http://www.molvis.org/molvis/vl8/al93> 

25. Amadi-Obi A, Yu CR, Liu X, Mahdi RM, Clarke GL, 

Nussenblatt RB, Gery I, Lee YS, Egwuagu CE. TH17 cells 
contribute to uveitis and scleritis and are expanded by IL-2 
and inhibited by IL-27/STAT1. Nat Med 2007; 13:711-8. 
[PMID: 17496900] 

26. Lee YS, Amadi-Obi A, Yu CR, Egwuagu CE. Retinal cells 

suppress intraocular inflammation (uveitis) through 
production of interleukin-27 and interleukin-10. Immunology 
2011; 132:492-502. [PMID: 21294722] 

27. Sonoda KH, Yoshimura T, Takeda A, Ishibashi T, Hamano S, 

Yoshida H. WSX-1 plays a significant role for the initiation 
of experimental autoimmune uveitis. Int Immunol 2007; 
19:93-8. [PMID: 17118967] 

28. Cordeiro CA, Moreira PR, Costa GC, Dutra WO, Campos WR, 

Orefice F, Teixeira AL. Interleukin-1 gene polymorphisms 
and toxoplasmic retinochoroiditis. Mol Vis 2008; 
14:1845-9. [PMID: 18941541] 

29. Wallace GR, Kondeatis E, Vaughan RW, Verity DH, Chen Y, 

Fortune F, Madanat W, Kanawati CA, Graham EM, Stanford 
MR. IL-10 genotype analysis in patients with Behcet's 
disease. Hum Immunol 2007; 68:122-7. [PMID: 17321902] 

30. Zhou H, Jiang Z, Yang P, Hou S, Li F, Shu Q, Chen Y, Chen F. 

Polymorphisms of IL23R and Fuchs' syndrome in a Chinese 
Han population. Mol Vis 2010; 16:2585-9. [PMID: 
21151597] 

31. Garner CP, Murray JA, Ding YC, Tien Z, van Heel DA, 

Neuhausen SL. Replication of celiac disease UK genome- 
wide association study results in a US population. Hum Mol 
Genet 2009; 18:4219-25. [PMID: 19648293] 

32. Teixeira VH, Pierlot C, Migliorini P, Balsa A, Westhovens R, 

Barrera P, Alves H, Vaz C, Fernandes M, Pascual-Salcedo D, 
Bombardieri S, Dequeker J, Radstake TR, Van Riel P, van de 
Putte L, Lopes- Vaz A, Bardin T, Prum B, Cornelis F, Petit- 
Teixeira E. Testing for the association of the KIAA1109/ 
Tenr/IL2/IL21 gene region with rheumatoid arthritis in a 
European family-based study. Arthritis Res Ther 2009; 
11:R45. [PMID: 19302705] 

33. Todd JA, Walker NM, Cooper JD, Smyth DJ, Downes K, 

Plagnol V, Bailey R, Nejentsev S, Field SF, Payne F, Lowe 
CE, Szeszko JS, Hafler JP, Zeitels L, Yang JH, Vella A, 
Nutland S, Stevens HE, Schuilenburg H, Coleman G, 
Maisuria M, Meadows W, Smink LJ, Healy B, Burren OS, 
Lam AA, Ovington NR, Allen J, Adlem E, Leung HT, 
Wallace C, Howson JM, Guja C, Ionescu-Tirgoviste C, 
Simmonds MJ, Heward JM, Gough SC, Dunger DB, Wicker 
LS, Clayton DG. Robust associations of four new 
chromosome regions from genome-wide analyses of type 1 
diabetes. Nat Genet 2007; 39:857-64. [PMID: 17554260] 

34. Barrett JC, Clayton DG, Concannon P, Akolkar B, Cooper JD, 

Erlich HA, Julier C, Morahan G, Nerup J, Nierras C, Plagnol 
V, Pociot F, Schuilenburg H, Smyth DJ, Stevens H, Todd JA, 
Walker NM, Rich SS. Genome-wide association study and 
meta-analysis find that over 40 loci affect risk of type 1 
diabetes. Nat Genet 2009; 41:703-7. [PMID: 19430480] 

35. Cooper JD, Smyth DJ, Smiles AM, Plagnol V, Walker NM, 

Allen JE, Downes K, Barrett JC, Healy BC, Mychaleckyj JC, 
Warrant JH, Todd JA. Meta-analysis of genome-wide 
association study data identifies additional type 1 diabetes risk 
loci. Nat Genet 2008; 40:1399-401. [PMID: 18978792] 



© 2012 Molecular Vision 

36. Zhernakova A, Alizadeh BZ, Bevova M, van Leeuwen MA, 

Coenen MJ, Franke B, Franke L, Posthumus MD, van Heel 
DA, van der Steege G, Radstake TR, Barrera P, Roep BO, 
Koeleman BP, Wijmenga C. Novel association in 
chromosome 4q27 region with rheumatoid arthritis and 
confirmation of type 1 diabetes point to a general risk locus 
for autoimmune diseases. Am J Hum Genet 2007; 
81:1284-8. [PMID: 17999365] 

37. Bando Y, Tanouchi Y, Fukuyado K, Matsuda S, Mimura Y. The 

dynamics of leucocytes and complements in endotoxin 
induced uveitis. Nippon Ganka Gakkai Zasshi 1989; 
93:369-74. [PMID: 2788980] 

38. Kim YH, He S, Kase S, Kitamura M, Ryan SJ, Hinton DR. 

Regulated secretion of complement factor H by RPE and its 
role in RPE migration. Graefes Arch Clin Exp Ophthalmol 
2009; 247:651-9. [PMID: 19214553] 

39. Ng TK, Chen LJ, Liu DT, Tam PO, Chan WM, Liu K, Hu YJ, 

Chong KK, Lau CS, Chiang SW, Lam DS, Pang CP. Multiple 
gene polymorphisms in the complement factor H gene are 
associated with exudative age-related macular degeneration 
in Chinese. Invest Ophthalmol Vis Sci 2008; 49:3312-7. 
[PMID: 18421087] 

40. Hageman GS, Anderson DH, Johnson LV, Hancox LS, Taiber 

AJ, Hardisty LI, Hageman JL, Stockman HA, Borchardt JD, 
Gehrs KM, Smith RJ, Silvestri G, Russell SR, Klaver CC, 
Barbazetto I, Chang S, Yannuzzi LA, Barile GR, Merriam JC, 
Smith RT, Olsh AK, Bergeron J, Zernant J, Merriam JE, Gold 
B, Dean M, Allikmets R. A common haplotype in the 
complement regulatory gene factor H (HF1/CFH) 
predisposes individuals to age-related macular degeneration. 
Proc Natl Acad Sci USA 2005; 102:7227-32. [PMID: 
15870199] 

41. Zipfel PF, Skerka C, Hellwage J, Jokiranta ST, Meri S, Brade 

V, Kraiczy P, Noris M, Remuzzi G. Factor H family proteins: 
on complement, microbes and human diseases. Biochem Soc 
Trans 2002; 30:971-8. [PMID: 12440956] 

42. Luger D, Silver PB, Tang J, Cua D, Chen Z, Iwakura Y, 

Bowman EP, Sgambellone NM, Chan CC, Caspi RR. Either 
a Thl7 or a Thl effector response can drive autoimmunity: 
conditions of disease induction affect dominant effector 
category. J Exp Med 2008; 205:799-810. [PMID: 18391061] 

43. Shahram F, Nikoopour E, Rezaei N, Saeedfar K, Ziaei N, 

Davatchi F, Amirzargar A. Association of interleukin-2, 
interleukin-4 and transforming growth factor-beta gene 
polymorphisms with Behcet's disease. Clin Exp Rheumatol 
2011; 29:S28-31. [PMID: 21640045] 

44. Nussenblatt RB, Thompson DJ, Li Z, Chan CC, Peterson JS, 

Robinson RR, Shames RS, Nagarajan S, Tang MT, Mailman 
M, Velez G, Roy C, Levy-Clarke GA, Suhler EB, Djalilian 
A, Sen HN, Al-Khatib S, Ursea R, Srivastava S, Bamji A, 
Mellow S, Sran P, Waldmann TA, Buggage RR. Humanized 
anti-interleukin-2 (IL-2) receptor alpha therapy: long-term 
results in uveitis patients and preliminary safety and activity 
data for establishing parameters for subcutaneous 
administration. J Autoimmun 2003; 21:283-93. [PMID: 
14599854] 



1872 



Molecular Vision 2012; 18:1865-1873 <http://www.molvis.org/molvis/vl8/al93> 



© 2012 Molecular Vision 



Articles are provided courtesy of Emory University and the Zhongshan Ophthalmic Center, Sun Yat-sen University, P.R. China. 
The print version of this article was created on 7 July 2012. This reflects all typographical corrections and errata to the article 
through that date. Details of any changes may be found in the online version of the article. 

1873 



